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METHOD AND APPARATUS FOR IMAGE
PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates 1n general to apparatuses and meth-
ods for 1mage processing. In particular, the invention relates
to a method and an apparatus for image processing in which
contour points are determined from the image data and a
segmentation process 1s carried out on the basis ol the contour
points, during which associated contour points are combined
to form objects for further processing.

2. Description of Related Art

Nowadays, 1mage processing systems are used in order to
achieve automatic object identification for widely different
technical applications. By way of example, industrial robots
are frequently oriented on the basis of processed image data,
allowing a robot to 1dentity an object and 1ts orientation and
position. In order to ensure reliable identification of objects, a
large amount of “a prior1” knowledge about the object to be
identified has, however, been required until now. This often
involves the creation of specifically tailor-made software
solutions for the respective techmical field of operation. A
procedure such as this 1s obviously highly complex and cor-
respondingly expensive. In addition, techmical implementa-
tion 1n this case often also includes tedious learning pro-
cesses, by means of which the system 1s trained to 1dentily
selected objects.

A further problem 1s that memory-intensive and compli-
cated calculations are required for image 1dentification. Real-
time 1dentification 1s therefore virtually impossible to achieve
in this way.

BRIEF SUMMARY OF THE INVENTION

The 1mvention 1s therefore based on the object of providing
a technical solution by means of which image 1dentification
can be carried out 1n real time and which 1s able to carry out
appropriate and reliable 1dentification of objects with only a
very small amount of a-prior information, or even none at all.
This object has already been achieved 1n a very highly sur-
prisingly simple manner by an apparatus and a method as
specified herein.

The invention accordingly provides a preferably integrated
image processing apparatus having one or more image
memories and at least one integrated hardware unit, which 1s
designed to scan the data of a digital image stored in the image
memory, to determine contour points with subpixel accuracy
and to store this as continuous list data 1n a memory, and with
the 1mage processing apparatus also having a computation
unit which 1s designed to use a computation mechanism to
determine from the list data which 1s stored 1n the memory the
connection probabilities between 1n each case two contour
points taking into account the distance between the points.
Furthermore at least one computation unit, subsequently
referred to as a classifier 1s provided, which classifier uses sets
of calculated connection probabilities to select subsets with at
least three connection probabilities for possible links between
at least three adjacent contour points, one of which is a pre-
viously defined central contour point, and to sort out for each
subset that contour point which 1s adjacent to the central
contour point and has a possible link with the lowest connec-
tion probability to an adjacent contour point, provided that the
link does not connect two points which are adjacent to the
central point and, following this, enters those contour points
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2

which have not been sorted out i a contour point list, with
connectors which identify the remaining links to the central
point.

The invention also provides a method for determination of
associated contours 1n 1mage data, which 1s carried out 1n
particular 1n an i1mage processing apparatus as described
above, 1n which contour points are determined from the
image data and the connection probabilities of possible links
from contour points to adjacent contour points are calculated,
and with one or more subsets from a set of such connection
probabilities and with at least three connection probabilities
being analyzed for possible links between at least two contour
points and an adjacent selected central contour point, and
with that contour point 1n each case being sorted out which 1s
adjacent to the central contour point and has a possible link
with the lowest connection probability to one of the other
points, provided that the link does not connect two points
which are adjacent to the central point, and, once this analysis
of the subsets has been completed, enters contour point data
in a list 1n an electronic memory, with this contour point data
comprising connectors which identily links to the central
point which belong to one contour. These connectors can then
be processed further by using the connectors to combine the
contour points to form contour segments which are used for
object processing and object 1dentification.

For the purposes of the invention, the expression adjacent
contour points does not for example mean contour points
relating to directly mutually adjacent pixels but in fact all
contour points within a predetermined area surrounding the
central point. By way of example, this may be a 3x3 surround-
ing arca with the respective central point under consideration
at 1ts center. This set of contour points 1s then also referred to
as the neighborhood.

The determination of the position of contour points with
subpixel accuracy for one pixel 1s 1n this case carried out by
calculation from the position of that pixel and further sur-
rounding pixels.

The selection process according to the invention, in which
contour points which have the lowest connection probabaility
to the central point are 1n each case sorted out from a set,
offers the advantage of requiring very little memory. In par-
ticular, the processing can be carried out on the basis of
continuous list data. The small amount of memory which 1s
required for this purpose even allows processing 1n real time,
with little complexity 1n terms of the hardware to be used.
Furthermore, because of theirr simplicity, the processes
described above can easily be implemented in hardware mod-
ules without complex software and peripheral circuitry. The
apparatus according to the invention can thus be designed 1n
a very simple form as a very compact integrated hardware
image processing apparatus. In order to reduce the amount of
memory required, further processing of the contour points in
the form of continuous list data 1s, 1n particular, also particu-
larly advantageous. This list data preferably includes only the
pixel coordinates of relevant contour points as well as
attributes for the surrounding area, and therefore only that
data which 1s relevant for contour identification. The amount
of data 1s 1n this way accordingly reduced to a minimum 1n
comparison to the original data of the image. The aim of the
sorting-out process 1s to determine those contour points
which, together with the respective central point under con-
sideration, belong to the same contour.

The step of selection of contour points for further process-
ing by sorting out contour points with the lowest connection
probability to the central point can also be illustrated as fol-
lows: the set of contour points (=neighborhood candidates)
which are grouped around a central point can be 1llustrated
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figuratively on a plane by representing the connection prob-
abilities between contour points by paths, with the length of a
path being indirectly proportional to the connection probabil-
ity. Polygons are now formed which contain the central point
and at least two further contour points adjacent to the central
point as corner points. Those points which are adjacent to the
central point and for which the longest link to a further point
on the polygon originate are then removed. Depending on the
number of adjacent contour points, this method can then be
repeated for all the contour points which are adjacent to the
central point, up to a certain number of contour points, with
only two points including the central point also remaining 1n
some circumstances depending on the arrangement of the
points, and no more polygons can be formed in which further
deletions of elements take place.

This selection process of the classifier can be carried out
particularly effectively with a small number of computation
operations and with little hardware complexity when one
subset from the set of the contour points in the vicinity of the
central point or of the contour points which are adjacent to the
central point 1s 1n each case formed as a triple with the central
point and two further contour points with the associated con-
nection probabilities, and the lowest probability 1s deter-
mined, preferably by three comparators, for the connection
probabilities and with that contour point which 1s adjacent to
the central point and from which the link with the lowest
connection probability within the triple oniginates being 1n
cach case sorted out from a neighborhood set of the contour
points which are adjacent to the central point, provided that
the associated link does not connect two contour points which
are adjacent to the central contour point.

The connectors which the classifier leaves 1n the neighbor-
hood after the sorting-out process are entered 1n a contour
point list, and can then contain the indexes of adjacent contour
points and the connection probabilities to adjacent contour
points as well as further neighborhood information (direction
DIR, contrast cont, color).

It the contour points are once again considered as being
arranged on a plane with coordinates modified by the connec-
tion probabilities, then this procedure corresponds to the for-
mation of triples of contour points, whose links accordingly
form a triangle. Only the longest side 1n this triangle 1s deter-
mined and that contour point which 1s adjacent to the central
point and from which the longest side originates 1s deleted.

The sorting-out process or the selection of the remaining,
contour points 1s preferably repeated at least once for the set
of contour points which have not been sorted out. The image
processing apparatus, in particular the classifier, which in
cach case sorts out the link with the lowest connection prob-
ability from at least three elements for links from at least two
contour points to a selected central contour point may, 1n
particular, be designed to repeat the selection process, in
which contour points with possible links with the lowest
connection probability are sorted out for each selected central
contour point, until no further contour points which are adja-
cent to the central contour point can be deleted or sorted out.

I, as 1s particularly preterable, triples of contour points, or
associated connection probabilities for possible links, are 1n
cach case formed and a suitable reading sequence for the
contour points 1s considered, in which the subsets are formed
such that only closest neighbors of contour points or the
connection probabilities between these points are included, 1t
has 1n general been found that it 1s suflicient to repeat the
sorting-out process once and only once for all the triples of
connection probabilities for possible links between closest
adjacent contour points 1n order, at least in most cases, to sort
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4

out all of those contour points which do not belong to the
same contour as the respective central point under consider-
ation.

In some circumstances, ambiguities may occur in the selec-
tion of contour points by sorting out contour points with a low
connection probability and, for example in the case of a triple
ol contour points, these lead to the classifier for the connec-
tion probabilities not sorting out any contour points even
though the respectively longest links, or the lowest connec-
tion probabilities, in each case exist for links to the central
point. This 1s the situation 1n particular when the points with
coordinates which have been modified by the connection
probabilities form an 1sosceles triangle or even an equilateral
triangle. In this case, all of the contour points could admut-
tedly be transferred, but 1t has surprisingly been found that a
considerably better neighborhood definition, reduced by arti-
facts, 1s produced when modulation 1s applied to the connec-
tion probability, with this modulation corresponding to a
position shift of contour points which 1s less than the pixel
interval.

The data for the connection probabilities 1s admaittedly
changed during this process, and this can also lead to incor-
rect path decisions relating to contour points which actually
belong to a cohesive contour, but 1t has been found that this
has no damaging effect since possible incorrect decisions are
neutralized on average. One simple, preferred implementa-
tion of modulation 1s 1n this case to change the pixel coordi-
nates of contour points. However, it would also likewise be
possible to calculate the connection probabilities within the
classifier and then to apply modulation to these connection
probabilities.

In the simplest case, connection probabilities of contour
points can be determined on the basis of the distance between
these points. The greater the distance between two contour
points, the less 1s their connection probability. However, 1t 1s
preferable to detect further attributes of the contour points and
to also include them in the calculation of the connection
probability.

In this case, it has been found to be particularly advanta-
geous for the computation mechanism to calculate connec-
tion probabilities between contour points on the basis of the
distance between the contour points and at least one of the
attributes contrast, color and direction. For this purpose, one
development of the invention provides for the computation
unit, which 1s designed to determine the connection probabili-
ties between contour points from the list which 1s stored 1n the
memory to calculate the connection probabilities between
contour points on the basis of the distance between the con-
tour points and at least one of the attributes contrast, color and
direction. By way of example, one possibility 1s to use one or
more attributes to calculate the value of a function of the
values of this attribute or these attributes, and to calculate a
connection probability only when the value of the function 1s
greater than or less than a threshold value, depending on the
nature of the function.

In this case, by way of example, an attribute may be the
mean point direction which 1s output from the contour point
processor (the maximum gray-scale contrast lies 1n a scan-
ning direction). The mean point direction 1s defined as the
sum of the direction vectors of both contour points which
belong to one connector and, to a good approximation, 1s
generally at right angles to the direction of the connector
itself. If two contour points have a similar contour direction,
the connection probability accordingly rises, that 1s to say the
probability of the two points actually belonging to a common
contour. A further feature 1s the angle between the mean point
direction and the direction of the connector. This angle can be
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calculated 1n a particularly simple manner by means of the
scalar product of the two vectors, and can be included 1n the
connection probability.

In particular, the contrast may be the brightness difference
of areas which are adjacent to the contour point and are
separated by the contour line. If two contour points have a
similar contrast such as this, the probability of the two con-
tour points being located on a common contour line accord-
ingly rises. I the contrast 1s inverse, then this generally relates
to a thin line whose contours which generally run parallel at a
short distance apart should not be linked, that i1s to say the
connection probability 1s 1n this case set to zero.

According to this embodiment of the invention, the inte-
grated computation unit which 1s designed to scan the data of
a digital image stored in the 1image memory, to determine
contour points with subpixel accuracy and to store this as
continuous list data 1n a memory, can thus be designed to
calculate at least one further attribute of a contour point 1n
addition to the position of that contour point, and to store this
in the continuous list data. An attribute vector with a length of
at least 24 bits, preferably with a length of at least 36 baits, 1s
preferably produced by means of the integrated computation
unit for a contour point, and 1s stored 1n the continuous list
data. The computation unit, which 1s designed to determine
the connection probabilities between contour points from the
list data which 1s stored in the memory can then calculate
connection probabilities between contour points on the basis
of the distance between the contour points and at least one
turther attribute.

In order to allow the image data to be processed quickly
with only a small amount of memory being required, in par-
ticular in order to determine contour points and connectors
from the image data, 1t 1s also preferable for the image data to
be read 1n a plurality of strips, which each have a width of
more than 1 pixel, preferably at least 16 pixels, and particu-
larly preferably 26 or 32 pixels. In this case, the image data 1s
preferably read successively 1n strips which overlap by more
than one pixel, preferably by at least 4 pixels, and particularly
preferably by at least 8 pixels. This overlap will admattedly
result 1n connectors in the overlap area being calculated twice
1in some circumstances, but this additional complexity 1s more
than compensated for by the fact that the individual deter-
mined contours can be composed again more easily and with
fewer errors.

The 1mage processing apparatus 1s furthermore preferably
designed for real-time 1mage processing. This means that
objects which the contours describe are determined com-
pletely within the image transier. In particular, this real-time
processing 1s also made possible by the very simple calcula-
tion of the connectors for the contour points.

In order to allow real-time processing such as this, it 1s also
particularly preferable for the apparatus to have a dual-port
RAM memory and a device for simultaneous storage and
reading of list data from the dual-port RAM memory. This
memory not only allows very short access times but also 1n
particular allows the various processes for image processing,
to also access the data in the same memory at the same time.
While a first process 1s writing list data to the memory,
another process can at the same time read list data from the
memory again. However, memories such as these, for
example on an FPGA, are 1n general very small. Memories 1n
the region of 4 kBytes are typically available. In this case,
only the processing of list data instead of the mapping of
entire images or image areas in the memory allows the restric-
tion to memories which are as small as this.

A morphology filter 1s preferably provided as a process
tollowing the formation of list data with the connectors. The
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6

expression morphology filter 1s 1n this case used to character-
1ze the smoothing effect of the filter operation, although topo-
logical characteristics are also used in this boundary area.

According to this embodiment of the invention, the image
processing apparatus thus has a morphology filter computa-
tion device which 1s designed to filter the contour point list
with connectors with respect to at least one of the following
characteristics:

contour points relating to chains of at most three contour

points are deleted,

contour points which belong only to a chain which 1s linked

to a longer chain at one end and has at most three contour
points are deleted,

contour points which form start and end points of chains of

associated contour points are 1dentified in the contour
point list,

contour points which form branching points of at least two

chains are i1dentified 1n the contour point list.

In order to simplify the linking of connectors to form object
segments, according to another development of the invention,
a device for production of ranking vectors for contour points
1s also provided, which reads the contour point list with a
connector structure and in each case reads the connector
structure of all adjacent points starting from a central point via
the connectors and produces a ranking vector which includes
the number of branches of the adjacent points and of the
central point itself. In this case, the connector structure is
scanned with a time delay 1n order to enter connectors 1n the
contour point list. The time delay 1s provided in order to
ensure that the relevant dual-port RAM already contains data
in which not only has the list data with the connectors been
entered, but which 1s also read in order to form ranking
vectors. The ranking vector 1s then mapped via a table or
Boolean functions onto a preferably scalar potential function,
and artifacts are sorted out by means of the potential function.
In order to simplity the subsequent segmentation, a device
can be provided for reading the contour point list in an orga-
nized sequence as an organized sequence of contour points,
with successive list entries belonging to successive contour
points along a contour. This device can determine associated
contour points in particular on the basis of the respective
connectors which are stored 1n the contour point list.

It has been found that low-artifact determination of links
between contour points operates even with a small area sur-
rounding a selected central contour point. Links between
contour points can thus be determined reliably when connec-
tion probabilities for possible links of contour points are in
cach case calculated only for those further contour points
including the central contour point which are a maximum
distance of 2 to 2.5 pixels away from a contour point with
respect to the raster of the digital image.

Virtually exclusively only the respectively most adjacent
contour points are relevant for the calculation of the connec-
tors. Computation steps can thus be saved when the sets of
contour points, in particular for triples for the sorting-out
process, are in fact formed skallfully. For this purpose, accord-
ing to one development of the invention, a sorting device 1s
provided which 1s connected upstream of the computation
unit which 1s designed to determine the connection probabili-
ties for possible connections between contour points, which
sorting device outputs list data of contour points which are
adjacent to a selected central contour point, 1n each case 1n
accordance with a sequence which 1s maintained during the
scanning of an area surrounding the central contour point by
reading successive, exclusively adjacent, points 1n the sur-
rounding area. By way of example, this 1s different to image
data 1n conventional image formats. In this case, the data 1s
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organized 1n rows. Within one row, successive data items 1n
the image file then admittedly belong to successive, that 1s to
say also adjacent, pixels, but this 1s no longer true at the end
of the row. In this case, there 1s a certain change from the last
point 1n the row to the first point, a long distance away, in the
next row.

At first glance, the process which 1s used for determination
ol contour points with subpixel accuracy, and the subpixel
raster that 1s used, appears to contain redundant or supertlu-
ous information, hence slowing down the subsequent calcu-
lations, or making them more complicated. In fact, no addi-
tional points are actually calculated, but at most one contour
point 1s determined with subpixel accuracy, preferably for
cach contour point in the raster of the image data.

As already discussed above, the invention allows memory
to be used 1n an extremely economic manner. According to a
turther aspect of the invention an apparatus according to the
invention may thus also be in the form of an integrated image
processing apparatus which has one or more image memories
and at least one integrated hardware unit for determination of
contour points from i1mage data, a hardware unit which 1s
connected downstream from the integrated hardware unit for
determination of contour points, for determination of links
which belong to one contour between contour points, a mor-
phology processor which 1s connected downstream from the
hardware unit for determination of links, 1n order to deter-
mine the number of links which originate from contour points
from contours to adjacent contour points, as well as a device
for segmentation, by means of which objects are created from
the data relating to the contour points and their links to further
contour points, which objects describe the contours of the
image data, with the hardware unit for determination of links
which belong to one contour between contour points having
an assoclated memory or memory area whose size 1s at most
20 percent of the total memory for the processing of the image
data to objects which describe the contours, with the excep-
tion of the image memory or memories.

The mvention will be explained in more detail 1n the fol-
lowing text using exemplary embodiments and with reference
to the attached drawings. In this case, the same reference
signs refer to 1identical or similar parts.

BRIEF SESCRIPTION OF THE SEVERAL VIEWS
OF THE DRAWINGS

In the figures:

FIG. 1 shows the architecture of an integrated real-time
image processing system (IRTIPS),

FIG. 2 shows an 1llustration in the form of a graph of the
contour point list,

FIG. 3 shows, schematically, an area of a contour with
contour points, connectors and point directions,

FIG. 4 shows an organization principle for reading the
contour points,

FIG. § shows a circuit diagram of a sorting device,

FIG. 6 shows an example of the distribution of contour
points 1 a 5x35 area surrounding a contour point,

FIGS.7,8,9Ato 9C show a calculation example, with FIG.
7 showing an arrangement ol adjacent contour points in the
subpixel raster, FIG. 8 showing the position of the contour
points 1n the original raster, and FIGS. 9A to 9C showing
tables with coordinate values and distances between contour
points,

FIG. 10 shows an illustration of an SNNC (“statistical
nearest neighborhood classifier”) for determination of con-
nectors,
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FIG. 11 shows a further arrangement of adjacent contour
points in the subpixel raster,

FIG. 12 shows an illustration of a larger image detail with
contour points and links determined by a sorting-out process,

FIG. 13 shows the data structure of the data stored by the
SNNC for further processing.

FIG. 14 shows a block diagram of a device 1n a morpho-
logical filter for production of ranking vectors,

FIG. 15 shows an example of a data structure for a contour
point list atter morphological filtering,

FIG. 16 shows an example of a data structure for a contour
point list for storage of the data of singular points with a
ranking greater than or equal to 3,

FIG. 17 shows a device for reading a contour point list in an
organized sequence as an organized row ol contour points,
and

FIG. 18 shows the phase and the memory requirements of
the processes for image processing.

DETAILED DESCRITION OF THE INVENTION

FIG. 1 shows the structure or architecture of an apparatus 1
according to the mvention 1n the form of an integrated real-
time 1mage processing system IRTIPS. This IRTIPS com-
prises an 1image interface to which one or more 1mage sources
3, for example CCD cameras, can be connected and which
stores the 1mage data as a digital image 1n an image memory
4. A contour point processor 5 1n the form of an integrated
hardware unmit accesses this image memory 4 and 1s designed
to scan the data of a digital image which 1s stored 1n the image
memory 4, to determine contour points with subpixel accu-
racy, and to store this as continuous list data 1n a memory. The
contour point processor 5 produces the coordinates and
selected features of contour points 1n list form. Features are,
for example, gray levels or colors of the adjacent regions,
confrasts or directions.

The coordinates are output with subpixel accuracy within
the “Regions ol Interest”, for example ol horizontally
arranged strips. In order to process 1mages 1 a generally
applicable manner, segmentation, that1s to say splitting of the
image 1nto regions with homogenous features 1s preferably
advantageous first of all, followed by the interpretation of
these features.

FIG. 2 shows a graphical 1llustration of the contour point
list. In addition to clear contours, in the example that of a
disturbed data matrix code, there are a large number of points
with generally low contrast, which can occur as a result of
different surface disturbances or as a consequence of noise.
The task of the subsequent processing units 1s now to describe
the structure of the contours that are located between the
individual regions in an organmized sequence as a linked
sequence of points, by means of hardware 1n real time, 1n
order to approximate them in a further step, by means of
soltware or further hardware, by digital geometric objects, 1n
particular paths, circles, polynomials etc, and then to identify
them.

The object of the invention 1s now achieved in particular by
first of all defining the neighborhood of contour points using
a statistical nearest neighborhood classifier 7 (SNNC). This
SNNC 7 comprises a computation unit which determines the
connection probabilities between contour points, taking into
account the distance between the points, by means of a com-
putation mechanism from the list data which 1s stored 1n the
memory, and a classifier which selects subsets with at least
three connection probabilities from sets of calculated connec-
tion probabilities, for possible links between at least three
adjacent contour points, one of which 1s a previously deter-
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mined central contour point, and sorts out for each subset that
contour point which 1s adjacent to the central contour point
and has a possible link with the lowest connection probability
to an adjacent contour point, provided that the link does not
connect two points which are adjacent to the central point,
and then enters those contour points which have not been
sorted out into a contour point list, with connectors which
characterize the remaining links to the central point. This data
1s then entered 1n a memory 9. This memory 9 1s particularly
preferably a dual-port RAM.

A morphological filter 11 which reads the memory 9 1s then
used to select the relevant contours and to suppress irrelevant
disturbances. In a third step, the contours are read in an
organized sequence as linked objects or “chains”. A further
hardware unit then carries out a segmentation process on the
basis of these chains.

The running of the process 1n the apparatus 1 1s controlled
by means of a microcontroller 15.

In order to 1integrate a structure which is as complex as this
in a circuit in real-time conditions, strict pipeline processing
1s preferably provided. In contrast to known software solu-
tions which operate on hardware platforms with adequate
[.2-cache support and can access different data structures
close to real time, 1t 1s advantageous to accept restrictions
relating to the memory size for complex integration since, on
the other hand, this allows small high-speed SRAM areas,
particularly in the form of dual-port RAMs, to be used, such
as the memory 1 shown i FIG. 1. Furthermore, the process-
ing quality of the individual step elements 1s then subject to
more stringent requirements since the pipeline concept
imposes restrictions on complex search and organization or
correction processes. A typical memory size for high-speed
internal SRAMs 1s preferably 4 to 16 kBytes.

The degree of integration which can be achieved i1s also
governed in particular by the power losses, which 1n turn
depend on the number of processing steps to be carried out.
One particularly advantageous solution with a-minimum data
flow 1n the respective process 1s obtained by using a compact
l1st format for the representation of contour points, since only
strictly determined accesses to structure elements are 1n each
case required for the hierarchally constructed signal process-
ing, so that it 1s possible to avoid complex accesses to 1mage
arrays with gray-scale or color data.

The task of the statistical nearest neighborhood processor 7
(SNNC) 15 to link contour points to contours. In order to
define the neighborhood of points P[] with respect to a cen-
tral point P[1], the connection probability P__ [1,1] for the
point set 1s firstly calculated and 1s then classified.

One simple and proven classifier 1s the interval

CORST

N = x)2 + (i — 3,2

Pconn [Ia f] —

A point belongs to the neighborhood NBD when P [1,]
1s greater than a threshold value. Further neighborhood mea-
sures can be formed by supplementing P [1,7] with mea-
sures formed from the scanning directions DIR and/or con-
trasts. This makes 1t possible, for example, to appropriately
link points which are located further away with the same
direction, while noise points that are at right angles to this are
not.

The decision can be considerably improved since an
upstream contour point processor allows further information,
including the local contrast cont as well as direction informa-
tion DIR to be provided, by applying the threshold value for
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the connection decision P as a function of these parameters in
the form of a table and/or ALU using the following function:

AXYpir — B¥Xpp )

Pconn [Ia f] — f( Ax2 + Ayz

In the relationship quoted above, 7x, ?y denote the compo-
nents of the vector representation ot a link and X,,,» , Y /%
denote the components of the mean point direction. The argu-
ment of the function 11s maximized when the angle c 1s 90°.

For 1llustrative purposes, FIG. 3 shows an area of a contour
16 on which contour points 26 are located. The links 24
between most closely adjacent contour points 26 are shown in
the form of dashed lines. The mean point directions 22 of the
contour points 26 are shown as arrows. The mean point direc-
tions may be characterized, for example, by means of the
numbers indicated on the arrows. In the example shown in
FIG. 3, the contour points 26 have three of the eight possible
point directions that are used here, corresponding to the num-
bers 0 to 7. As can be seen from FIG. 3, the angle o 1s 1n each
case the angle included between the mean point direction 22
and the link 24 between two contour points 26.

If the probability P__ [1.1] 1s greater than a threshold value
“Threshold”, a link 1s produced.

Each central point on a continuous contour generally has
only one predecessor and one successor with an interval
which 1s governed by the pitch of the raster being used. In
practice, however, this relatively narrow definition leads to
contours tearing open and being stored as separate objects,
thus resulting 1n a not-inconsiderable amount of complexity
in the subsequent processing. The task of the SNNC 1s there-
fore, inter alia, additionally to link contour points which are
separated by a distance which 1s greater than the pixel interval
of the scanning raster.

The optimum distance 1s dependent on the specific condi-
tions, but 1t has been found that a value of 2 to 2.5 times the
pixel interval results 1 a considerable improvement 1n the
contour quality. However, this is at the expense of an increase
in the number of possible candidates for a neighborhood,
which are processed 1n real time.

The task of the SNNC 7 1s now to determine the topologi-
cally relevant neighbors within the neighborhood NBD.
According to the mvention, this object 1s now achieved by
forming triples comprising the central point P, and any
desired combination of two further points P;; and P, from
NBD from the set NBD, and by calculating the connection
probabilities:

Prrz_'pfeF(Pcann [lz_l 1 ] ” PCDHH D 1 2 _]2] : PCGHH [lz.l 2)

The triple or triplet mentioned above thus represents a
vector with the connection probabilities between all of the
links between a selected central contour point and two adja-
cent points in each case, with all of the points within at most
2 to 2.5 times the pixel interval being considered as adjacent
points.

If 1t 1s found that the connection probability p_.__ [11.,12] 1s
greater than a predetermined threshold “Threshold”, then the
triple 1s analyzed and the link with the lowest probability 1s
deleted. The hardware implementation also provides an eifi-
cient sorting machine, which first of all determines triangles.
As aresult of the test condition, however, only those triangles
with the respectively shortest distances on the outer polygon,
and the closest neighbors to the contour points, are relevant.
Operations can thus be saved by use of organization prin-
ciples.
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FI1G. 4 shows a scheme 1llustrating how list data can be read
from contour points which are adjacent to a selected central
contour point, by means of a suitable sorting device. The
instantaneously selected central contour point 1s annotated
“CP”. The contour points are stored with subpixel accuracy,
with a maximum of one entry per pixel. The triangles
described above can therefore be produced by continuous
scanning of the neighboring points, for example in the clock-
wise direction. The numbers 1 to 24 indicate the sequence of
reading contour points within a 5x5 surrounding area with list
data. The contour points, or their list data, are/is therefore read
in the sequence from the image area of a surrounding area
with a maximum distance of 2 pixels from the center point, as
they are output 1n accordance with this sequence by the num-
bers which are indicated 1n the pixels, and list data of contour
points. The pixel annotated “1”” 1s accordingly read first of all,
followed by the pixel annotated “2”, and so on until the last
pixel “24” 1n this surrounding area. Successive, exclusively
adjacent, points 1n the area surrounding the central point are
thus read.

FI1G. 5 1llustrates a refinement of a sorting device 17 such as
this. By way of example, a shift register for indexes (ad-
dresses) of the contour points in a dual-port RAM 1s used for
addressing. Whenever a positive decision as a contour point 1s
allocated for a pixel, this contour point 1s given the next
subsequent address in the dual-port RAM, and i1s 1n turn
inserted as the index (part of the address) into a shift register.
IT the next subsequent pixel 1s not a contour point, a zero 1s
entered 1n the shift register. This shiit register has a length of
nxm, for example 5x24, and can thus store 120 indexes. Since
contour points are rare, a small number of bits 1s suificient, for
example a word length of 6-8 baits.

FIG. 6 shows one example of the distribution of contour
points 1n the 5x5 area surrounding a central contour point.
The entries annotated “index”™ indicate that the relevant pixel
1s a contour point. A local 5x5 surrounding area 1s produced
in a known manner by taps on the appropriate registers. These
registers are now read via mputs 20 of a suitably connected
multiplexer 19 such that the sequence 1llustrated 1n FIG. 4 1s
produced at the output of the register 23. This process 1s
started precisely when the central point CP 1s not equal to
zero, that 1s to say when a neighborhood to be analyzed 1s
represented 1n the register set and the point CP 1s a contour
point.

Whenever the output value from the multiplexer 19 1s not
equal to zero, the index 1s shufted into an output register 23,
which directly addresses data from the dual-port RAM. A
comparator 21 which acts on the output register 23 1s used to
determine whether the output value from the multiplexer 19 1s
not equal to zero.

In order to decouple the sorting process from the continu-
ously running contour detection process, further FIFO butlers
or registers can be mserted typically for 8 to 12 contour points
in the output data stream, and can then also read the contour
points which belong to a neighborhood more than once
repetitively, so that 1t 1s possible to produce all of the contour
point combinations which are required for the sorting pro-
cess. In principle, 1t 1s also possible to speed up this sorting
process by parallel working, for example by connecting two
or more multiplexers 1n parallel.

The allocation of indexes 1llustrated 1n the example 1n FIG.
6 corresponds to the surrounding areas in the calculation
example, as described in the following text with reference to
FIGS. 7, 8, 9A to 9C, for calculation of connectors between
contour points which belong to a common contour.

First of all, FIG. 7 shows the position of a central contour
point 25 and of adjacent contour points 26 with possible links
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2’7 of a contour 1n the subpixel raster. In this case, the indexes
of the pixels are plotted on the axes of the graph. FIG. 8 shows
the same points 1n the original raster of the image data. FIG.
8 clearly shows that the relevant adjacent contour points,
which belong to a contour together with the central point, can
be 1dentified considerably less well 1n the original raster and
allow graphs to be drawn.

In the example, the connectors have been calculated with a
subpixel accuracy of 14 pixels. This example 1s 1llustrated
with distances as a measure of the reciprocal connection
probability, for simplicity reasons. The subpixel coordinates
(columns X, Y) of the contour point arrangement shown in the
upper part are 1llustrated 1n the left-hand table (FI1G. 9A). The
table starts with the central point CP. The subpixel coordi-
nates of the contour points are entered in the column anno-
tated “Field”, with these being the contour points which result
from the scanning as shown in FI1G. 4 for the surrounding area

shown 1n FIG. 6. The following contour point sequence 1s thus
addressed 1n the dual-port RAM 1n the example: CP, 7,9, 13,

18, 19, 22, 24, 7. The figure additionally shows the main
direction 29 of all the contour points 1n the area surrounding
the central point, as well as the point directions 30.

The relative distances [Xrel, Yrel] to the central point are
calculated from the subpixel coordinates, as listed in the
tables 1n FIG. 9B. The distance p to the central point is 1n turn
determined from this. The pixels with the indexes 7,9, 13, 18,
19, 22, 24, 7 form a polygon at whose center the central point
CP 1s located. The sides of the polygon [X_Poly, Y_Poly]
form triangles with the links to the central point, that 1s to say
the triangle <CP, “Field” 7, “Field” 9> by way of example.
The longest side 1n this triangle has a length o1 8.602 subpix-
¢ls, and 1s thus longer than the two other sides with lengths of
5.385 and 3.606, so that this longest side represents the lowest
connection probability between the three contour points. The
longest side 1s thus deleted from the list of contour points to be
linked. This operation 1s carried out for all of the triangles.
During this process, two further points are deleted, that 1s to
say a total of three points. This sorting-out process afiects 1n
particular the contour points with the indexes 9, 18 and 24.
Four connectors which have not been sorted out remain, with
one connector connecting the start and end of the polygon.
The remaining contour points are listed in the table 1n FIG.
9C. The sorting-out process 1s now repeated for the remaining
connectors or contour points. During the repeated sorting-out
process, the contour point with the index 12, or the first
contour point listed in the table 1n FIG. 9C, 1s also dropped.

This connector can be mnvestigated at the end of the analy-
s1s, with a further connector being dropped in this case. The
three connectors 28 1n FIG. 7 then remain, and are stored in
the list data. In this example, the calculation accordingly
results 1 the connectors from the central point as a contour
point to the three further remaining points representing the
one or more contours to which the central point belongs. After
passing through this filter, as described above with reference
to FIGS. 7, 9A to 9C, or sorting-out process, the SNNC 7
accordingly has the information as to which contour points
from the contour point list are linked to the central point.

In the case of the example shown 1n FIGS. 7, 9A to 9C, the
sorting-out process has been described on the basis of a very
simple classifier for the connection probability, specifically a
classifier which depends only on the distance between the
contour points. The i1dentification of the relative links
between contour points can, however, be improved consider-
ably by using additional attributes of the contour points for
the calculation of the classifiers. In this case, this means in
particular using the direction and/or the contrast of the con-
tour points. The direction may, for example, be a direction
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vector which 1s at right angles to the edge 1n the 1mage data
whose contour 1s to be determined. Direction information can
also be simplified 1n this case by areduced number of possible
directions, for example 8 possible directions being deter-
mined and stored as an attribute by the contour point proces-
sor 5. The direction of a connector 1s then obtained from the
connection vector between the central point 1 and one of the
outer points 7 in the neighborhood. The angle a between the
stored mean point direction and the connector can then be
determined from these two direction statements. By way of
example, a function of the angle a, for example its sine or
cosine, and the distance between the points can then be used
as a classifier for the connection probability.

The connection probability can also be linked with a con-
trast measure in order to give preference to high-contrast
contours over low-contrast contours, for example by using a
multiplication by the magnitude of the mean point contrast of
the connecting element for classification of the connection
probability. This 1s particularly advantageous 1n the case of
scenes or thin lines whose contrast 1s low overall.

FI1G. 10 shows a circuit diagram of an SNNC 7 for deter-
mination of connectors. The method of operation of the
SNNC 7 will be explained 1n more detail with reference to this
figure. The contour points can be addressed 1n the required
sequence by the sorting device. The information about the
coordinates, the contrast and the point direction [X,y,cont,
DIR] 1s available at the data input 71 of the SNNC, and the
data 1s read into registers 72, 73, 74 with a word length of 32
bits.

A computation unit 75, which will be described 1n more
detail further below and 1s referred to 1n the following text as
“Calc P_.___ 7 now calculates the connection probability
between the three contour points of a triangle. A central point
1s selected by address decoding for this purpose. In the
example 1llustrated 1n FI1G. 10, the data for the central point is
loaded 1n the register 74. Newly arriving contour points are
read into the two registers 72 and 73. The three possible
combinations of the connection probabilities are analyzed by
means of the comparators 761, 762, 763 and the downstream
decoder 77. If the lowest connection probability between the
central point and one of the two points lies on the polygon, or
there 1s no connection to the central point, then the relevant
connection 1s deleted, depending on which of the two contour
points adjacent to the central point set either the bit
EN_CLK_RG1 orthe bit EN_CLK_RG2 at the outputs 78 or
79, respectively. The indexes of the three points taken into
consideration are stored 1n parallel with the data. The index of
the point which has not been deleted is transferred to a shiit
register, with the index difference for the central point being,
calculated for this purpose, and being stored with the next
clock cycle.

The computation units Calc Pconn 731, 752, 753 receive
the sequence of contour points addressed with the register
output 23 in FIG. 5, with their attributes, and calculate the
connection probabilities, and compare these with one another
in conjunction with the comparators 761, 762, 763 and
decide, 1n the decoder 77, the connections to be deleted for
cach analyzed triple. The signals EN CLK RG1 and EN CLK
RG2 for the contour points P1 and P2 are produced at the
output and control the deletion of connections. Further triples
are then analyzed. After a suificient number of processed
triples, unmarked connections remain whose result is connec-
tors which contain the indexes of adjacent contour points and
the connection probability of the contour point 1 with the
central point CP and with the next subsequent neighbor 1+1.

However, ambiguities can occur 1n the calculation of con-
nection probabilities and are expressed by 1sosceles or equi-
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lateral triangles. In order to avoid morphology disturbances
without complicated logic (for example small triangles in the
contours), a computation device can advantageously be
added 1n order to apply modulation to the comparators of the
classifier, for example modulation 1n the form of a pseudo-
random geometric noise, which gives the impression of a
raster which 1s not entirely regular. Via a table, a marginal
noise component 1s added to this, for example with 10% of the
pixel interval for the coordinate difference for the relative
distances 7x and/or ?y to the central point.

FIG. 11 shows a further arrangement of adjacent contour
points 1n the subpixel raster, which 1s obtained from 1mage
data from a different point in the digital image. In this
example, and 1n contrast to the surrounding area shown 1n
FIG. 7, only two relevant connectors 28 have been determined
by sorting out from the possible connections 27.

FIG. 12 shows an illustration with contour points and con-
nections determined by sorting out, representing a larger
image detail. Only the connections 28 are illustrated, for
clarity. As can be seen from this figure, the connectors 28
arranged 1 a row with one another result in the profile of
contours 1n the digital image. In FIG. 12, two sections 31, 32
are marked with circles. The section 31 indicates the three
connectors 28 determined from the surrounding area shown
in FIG. 7, with a branch originating from the central point.
The section 32 denotes the connectors 28 in the surrounding
area shown 1n FIG. 11. The dashed circle indicates the area
with the surrounding area of all the contour points shown in
FIG. 7. FIG. 12 1n this case clearly shows that the situation
shown 1n FIG. 11 of a continuous contour 1s more probable
than the occurrence of a branch.

Furthermore, FIG. 12 also clearly shows that this simple
method for sorting out leads to identification of contour lines
with only a small number of artifacts. Otherwise, by way of
example, only short lines will be additionally expected, which
are 1solated or originate from the contour lines. Only one such
short line 33 can be seen 1n the image shown 1 FI1G. 12.

FIG. 13 shows the data structure of the data stored by the
SNNC 7 for further processing, preferably 1n a further dual-
port RAM, with connectors or information about the links
between the respective point and further contour points. The
information about the links to adjacent points 1s also referred
to 1n the following text as “LinkInfo™.

The index of the central point 1 forms the address at which
the LinkInfo 1s stored 1n a dual-port RAM (see further below).
Each permissible contour point (EN=1) produces a further
index 1 (Pointer), and the difference

LINK fn]=j i

1s annotated LINK. All of the neighbors 1n the contour point
list can be addressed from one central point with the knowl-
edge of the LINKSs. Because of the structure of the SNNC,
there are a maximum of 4 LINK s per central point, and five or
more neighbors are resolved into a plurality of neighbor-
hoods. The mask MASK 1indicates whether the relevant LINK
1s or 1s not set. In parallel with this, the attributes are stored by
the contour point processor in the same memory, so that the
coordinates as well as the gray level and, 1f required, color
information are available.

The morphological filter 11 1llustrated schematically 1n
FIG. 1 will be described 1n more detail in the following text.

The contour points which are uniquely connected 1n this
way cannot yet be read as objects because two preconditions
are lacking. Firstly, the start and end points of the contours
have not yet been defined, and secondly there are a large
number of existing artifacts which would unnecessarily load
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the resources for object segmentation. The morphology of
adjacent points 1s therefore investigated by means of the
morphological filter 11, before the points are combined to
form objects on the basis of the connectors. The morphologi-
cal filter 11 1s now designed to filter the contour point list with
connectors with respect to at least one of the following char-
acteristics:

contour points relating to chains of at most three contour

points are deleted..

contour points which belong only to a chain which 1s linked

to a longer chain at one end and has at most three contour
points are deleted,

contour points which form start and end points of chains of

associated contour points are i1dentified in the contour
point list,

contour points which form branching points of at least two

chains are i1dentified 1n the contour point list,
coincidences are corrected, and

a double linking process 1s carried out.

A Tunction which 1s implemented 1n the filter 11 and 1s
referred to 1n the following text as a “RankFilter” 1s used first
of all to carry out these functions. Ranking vectors for contour
points are formed by means of this function. For this purpose,
the contour point list of the data structure shown 1n FIG. 13
and with a connector structure 1s read and the connector
structure of all adjacent points 1s 1n each case read 1n, starting
from a central point, via the connectors, and a ranking vector
1s produced which includes the number of branches of the
adjacent points and of the central point itself. The rankfilter
thus determines the number of connections originating from
one contour point, 1n this case by formation of the sum of the
bits set in the mask MASK. A quadruple branch would thus
have the ranking 4, MASK=1111B, a chain element such as
the central point shown 1n FIG. 11 would have the ranking 2,
and 1in general MASK=0011B.

The rankfilter addresses the adjacent LINKs permitted via
MASK and thus determines the ranking for each contour
point 1n the neighborhood. A ranking vector 1s formed from
the rankings determined in this way, and includes the struc-
ture information about the number of branches of the adjacent
points.

Since the linking of the points can be called up from all
directions, a double link with a marking for points which have
already been read 1s worthwhile. A link address LinkAdr 1s
therefore generated, and indicates at which of the four pos-
sible positions of the addressed adjacent point the verse
Link to the initial point 1s stored. The Link Adr 1s stored once
the morphological filtering process has been carried out.

Since the sequential procedure for a Link to an adjacent
point and of the inverse link back to the central point always
results 1n the pointer difference zero, this address can be
tound relatively easily using comparators. This results in a
structure which allows the index of the adjacent, linked con-
tour point to be found with only one access, and allows linked
contour points to be read at high speed.

One particularly advantageous embodiment of a rankfilter
35, preferably as a component of the morphological filter 11,
1s 1llustrated 1n FIG. 14. First of all, the LinkInfo of the central
point with the address Ptr[0] 1n the dual-port RAM 1s read into
the mput register of the rankfilter by the rankfilter 35 from the
data structure 37 from the dualport RAM 9, as 1s also shown
in FIG. 13. The LINKSs 1-4 are then addressed via a multi-
plexer 39, the addresses Ptr[1 . . . 4] are calculated by addition,
and are called up 1n sequence. LINKs which are not required,
identified by a zero on the associated bit 1n the mask MASK,
can be jumped over. The pointer address of the central pointis
added to the relatively stored LINKs by means of the adder
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45, after which the list can be addressed directly. The
LinkInfo 1s read 1n 1n this way. The connected comparators
40, 41, 42, 43 of the morphological filter 11 or of the 1imple-
mented rank filter 35 compare the LINKSs of the contour point
addressed by Ptr[1] with the LINK]1] of the central point. Four
(3) comparators compare the relevant LINKs. If one of the
pairs 1s complementary to one another, the relevant compara-
tor 40, 41, 42, 43 generates a signal CMP_LINK][1 . .. 4] so
that the LinkAdr can be decoded from this by means of the
decoder 44.

The ranking RANK]1 . .. 4] can also be determined 1n the
same process and can be collated to form a ranking vector
<RANK]1], RANK]2], RANK][3], RANK [4]> by adding the
mask bits by means of the adder 46. The ranking vector 1s
processed within the morphological filter 1n order to make a
binary decision about the further permissibility of a connec-
tion which was previously declared to be valid, and 1s stored
in the structure MASK.

Furthermore, disturbances in the contours which have been
connected as described above and which lead to a series of
small artifacts (particularly in the case of high resolution
and/or sensitivity ) and will be segmented on the basis of their
arrangement with respect to objects are overcome by means
of the morphological filter. This 1s disadvantageous for the
cificiency of the subsequent processing steps. Relatively
small disturbances are therefore corrected by the morphologi-
cal filter even belfore object segmentation.

The method of operation of one function of the morpho-
logical filter 11 will be described in the following text. This
function 1s referred to in the following text as “MorphFilter”.
Once the ranking and Link Adr have been calculated, a simple
filter can be produced. For this purpose, disturbing small
structures, “appendixes” with 1 or 2 contour points are
deleted first of all. One such appendix 1s, for example, the
short line 33 in FIG. 12. Structures such as these can be seen
on a number of the branches of their neighbors (in brackets),
for example on the following ranking vector: <1,3,0,0>. The
contour point with this ranking vector 1s linked to the main
contour via a singular point of ranking 3. The point should be
deleted, the singularity of the main contour or of the branch-
ing point 1s reset to the ranking 2. The operation can be
illustrated by the following Maple program code:

1if RankVector=[1,3,0,0] then
MASK][Ptr[1],LinkAdr[Ptr[0],1]]:=0: MASK[Ptr[0],1]:=0:
MASK][Ptr[0],2]:=0: end:

The central point has the ranking 1 and 1s located in first
place in the ranking vector. LINK][1] of the central point refers
to a contour point with the ranking 3. The Link Adr[Ptr[0], 1]
in this case indicates where the inverse LINK to the central
point can be found on the contour point with the ranking 3.
Ptr[1] addresses the contour point with the ranking 3, that1s to
say the operation

MASK][Ptr[1],LinkAdr|Ptr[0],1]]:=0:

deletes the link to the single contour point, and the ranking,
1s reduced from 3 to 2. The singular point therefore subse-
quently behaves like a normal component of a linked list, that
1s to say no branching occurs. Two fewer objects are gener-
ated for the subsequent processing, avoiding the combination
of two valid relatively long objects to form one object.

A Turther example 1s a contour point with a ranking vector
<2,4,1,0>. This 1s an appendix with two contour points. The
two contour points are linked with the main contour via a link
of ranking 2 and a singular point, or a branch of ranking 3. An
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appendix such as this can be deleted by a filter which carries
out a function analogous to the following Maple code.

if RankVector=[2,3,1,0] then

if LinkAdr[Ptr[2],1]=1 then L:=2

else L.:=1: end:

MASK][Ptr[1], LinkAdr[Ptr[0],L]]:=0: MASK[Ptr[O] 1]:0:
MASK][Ptr[0],2]:=0:MASK|[Ptr[2],1]:=

end:

The edge point with the ranking 1 1s located at LINK[2],
Link Adr[Ptr[2],1] points to the inverse LINK to Ptr[0.] which
1s the next point seen from the edge. Since Ptr[0] has the
ranking 2, the other LINK (L) must point to the singular point

Ptr[1] of the main contour with the ranking 3. In consequence,
the function MASK][Ptr[1],LinkAdr[Ptr[0],L]]:=0: deletes

the LINK from Ptr[1] to Ptr[0] and reduces the ranking from
3 to 2, and the link 1s deleted.

The interchange situation <2,1,3,0> can also be filtered in
an analogous manner.

The function “Morphfilter” can also produce further
important information for-segmentation by analysis of the
ranking vector:

classification of start and end points of chains
classification of linked singular points,
classification of singular points whose ranking 1s 3 or more.

For this purpose, the ranking vector 1s mapped onto the
target function via a table or Boolean logic. This 1s marked by
setting appropriate bits in the LinkInfo in the contour point
list. The data structure 1llustrated in FIG. 15 has been found to
be particularly advantageous 1n this case for connectors after
filtering by means of a MorphFilter. A maximum of 3 LINKSs
are required for contour points of ranking 2, since appendixes
can be cut off only for points of ranking 3.

The additional bits to those contained 1n FIG. 13 mean:
C: continue (1 bit for segmentation),
S: start/end point (1 bit),

MASK1: corresponds to bits 0 to 2 of MASK,

LinkAdr:corresponds to the LinkAdr[0-2], as described
above, the fourth 1s not required.

When the mformation 1s subsequently read, the format

shown 1n FIG. 15 1s identified by decoding of the ranking of

MASK (ranking equal to 2).

Singular points with a ranking of greater than or equal to 3
can be coded using the data structure 1llustrated 1n FI1G. 16. In
this case, the entry CONN33 denotes a connector matrix for
the linking of singular points of ranking 3 or 4. When the

information 1s subsequently read, the format illustrated 1n
FIG. 16 1s 1dentified by decoding of the ranking of MASK.
(ranking greater than 2).

The additional information 1s used at the time of segmen-
tation. MorphFilter therefore stores the structure in RAM.

The information processed 1n this way in the contour point
list can be read directly from the memory 1n an organized
sequence as an organized series of contour points, which 1s.
also referred to 1n the following text as a “chain”, so that
successive list entries belong to successive contour points
along a contour.

The chains are in this case determined using a structure
which 1s referred to 1n the following text as GetNextCP.
GetNextCP reads the LinkInfo of the central point 1n a pro-
cess which 1s delayed with respect to the MorphFilter. The
delay 1s typically 8 columns, but may also be chosen to be
higher for larger memories. ChainReadOut scans the incom-
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ing contour points for start and end points. In the data struc-
ture shown in FIG. 15, these have the features ranking
(MASK)=2 and S=1.

Once a point such as this has been found, the LinkInfo of
the two adjacent points 1s evaluated, looking for the singular
point (ranking 1 or 3, 4). If only one neighbor with S=1 1s
found, then this 1s declared as a start point. This forms the first
representative of a chain. Furthermore, the link to the next
point 1s generated. All the elements of the chain are provided
with a new segment number, which 1s also passed on to all the
other representatives in the associated point set. If two singu-
lar points are adjacent, the first to be found 1s used, and the
remainder result automatically. If the “continue™ bit has been
set, the structure of chains 1s continued.

GetNextCP first of all uses MASK to determine the respon-
s1ibility, which 1s defined 1n accordance with a table stored 1n
a decoder. The table provides the number of neighbors as well
as the positions which can be accessed. The pointer to the
neighbors and the addresses of the two LINKSs 1s calculated
from the LinkInfo in the contour point list.

FIG. 17 illustrates one possible structure of the GetNextCP
structure 50. The data structure 51 with the entries MASK, C,
MASKI1, S and LinkAdr, corresponding to the data structure
illustrated 1n more detail in FIG. 15, controls the linking to
form chains. The table mentioned above 1s stored in the
decoder 52.

When a start pomnt (S=1) has been addressed, then its
ranking 1s 2 and 1t thus has two neighbors. In this case, the
decoder 52 selects both possible links, decodes the link with
a neighbor which does not correspond to the ranking 2 and
sets the start point of a chain to this contour point, by gener-
ating the value PI'R_Start. The other link 1s passed on via the
multiplexer 53 and the adder 54 as a new pointer PIR_new.

Once S=0 has been found, that 1s to say 11 the contour point
1s not a start point or end point, only one link 1s selected. The
selection 1s controlled via the mask bits MASK1. Since anew
pointer PTR_new has been generated, the associated mask bit
1s automatically reset, thus precluding repeated addressing of
the same contour point. Linked contour points are assigned a
segment number. Since LinkInfo 1s no longer required from
this state, the low part of the data word can be used for this
purpose.

The pointer addresses are continuously monitored during,
the process. When a signal out_ol_range occurs, that 1s to say
when the permissible index goes beyond the predetermined
lower or upper limit, the process 1s terminated. The C bit
(continue) 1s set at the corresponding contour point, and the
segment number 1s stored. If the pointer 1s within the permis-
sible range when read repeatedly, the process can be contin-
ued. A sequence of pointers organized for each segment 1s
produced at the output of the process. Since the correspond-
ing contour point attributes have been stored correlated with
these pointers, the attributes can be read directly.

The following exceptions can also occur during the pro-
cessing of the chains:

1. Both start points of a chain are processed, so that two
differently indexed segments adjoin one another (coinci-
dence)

2. Neither of the start points 1s processed, either because the
object has none (for example 1n the case of a circle or a closed
contour), or because the start points are well away from the
current scanmng position, so that they cannot be detected,

3. The contour intercepts the image boundary (edge
points).

In the first case, chains with two different segment numbers
adjoin one another but do not run 1nto one another because the
mask bits prevent this. The apparatus can use the test for
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termination for a ranking that is not equal to 2 to 1identify the
fact that this 1s a so-called coincidence. The relevant ranking
2 of the comcidence point 1s dealt with as a singular point
which connects segments to one another, with the only dii-
ference 1n this case being that only one object 1s present.

In the second case, a further test 1s carried out after reading
the chains, which analyzes neighborhoods of the type <2.2,
2.x> which have not yet been processed and then generates a
start point. The rest of the processing 1s carried out as
described above.

Edge points, which can occur between successive strips,
are dealt with 1n the same way as coincidence points with a
ranking of 2, and are then referenced to one another.

The contour point processor produces a continuous data
stream of attributed contour points via a first port, and 1n the
worst case, with very finely resolved gray-scale images,
approximately 20 to 25% of the pixels are stored as contour

points.

One implementation for a normally small dual-port RAM
of 1kx36 bits will be described 1n the following text, and this

can also be processed as a set of contour points such as this.
This dual-port RAM can be used to temporarily store an
image extract with 3512 contour points including the addi-
tional information and attributes, corresponding to a mini-
mum pixel block with a size of 70x26 pixels 1n this example.
The contour point processor reads the 1mage data 1n a plural-
ity of strips, which each have a width of more than 1 pixel,
preferably at least 16 pixels, and particularly preferably 26 or
32 pixels. In the following example, strips with a height of 26
pixels are read 1n a meandering shape over the entire 1image
width, after which the next strip 1s read. The data is stored as
a list, and coordinates are kept 1n the attribute.

The contour point processor 3 starts with the storage of the
contour points. Once 5 columns have been entered, the SNNC
7 can start to process, and the contour point processor 5 1n
consequence continues.

The maximum pointer address can be calculated exactly.
For this purpose, the address index for each column jump 1s
stored, and 1s read with a delay of 5 columns, although a
constant oifset, for example of —32, 1s also suilicient 1n prac-
tice, since the memory 1s sufliciently large. First of all, the
SNNC 7 reads 5x5 neighborhoods from the dual-port RAM,
and stores attributes of the relevant contour points 1n a register
set.

The MorphFilter process 1n the morphological filter 11
requires completely stored and filtered links, for which reason
a safety margin of 3 columns 1s maintained for processing of

the data by the SNNC 7.

The segmentation process, on the other hand, requires an
even greater separation. This 1s because the contour tracking
method 1s more computation intensive. In order to avoid
tedious combination of contours, the contours should be
tracked without disturbances over as great a length as pos-
sible. A typical value for this 1s 8 columns. Whenever a start
point or a set continue bit has been found from a previous
operation, the GetNextCP structure 50 1s adjoined.

This 1s expediently not controlled via the dual-port RAM
but via a separate single shift-register structure, in order to
save memory bandwidth.

After processing about 3 columns since the contour point
processor 3 has carried out a storage operation, the SNNC
will have completed its process. In consequence, the nfor-
mation required for the MorphFilter 1s available-once the
contour point processor 5 has processed about 6 columns.
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The contour data preprocessed 1n this way can be written
back to the main memory of the IRTIPS 1, and can then be
formatted by the microcontroller and transierred to subse-
quent processing operations.

FIG. 18 shows the phase and the memory requirement for
the processes described above for image processing, as far as
segmentation of the image data. The overall memory 60 1s
split 1nto a memory area 61 for determination of contour
points, a memory area 62 which 1s used by the SNNC 7, a
memory area 63 for the morphological filter 11, and a con-
siderably larger memory area 64 for segmentation. As a hard-
ware unit, the SNNC 7 1n this case has an associated memory
or memory area for determination of links which belong to
one contour between contour points, and the size of this
memory or memory area 1s at most 20 percent of the total
memory for the processing of the image data for objects
which the contours describe, except for the image memory or
memories.

As 1s obvious to a person skilled 1n the art, the imnvention 1s
not restricted to the exemplary embodiments described above
but in fact can be varied 1n many ways. In particular, the
teatures of the exemplary embodiments may also be com-
bined with one another.

The mvention claimed 1s:

1. An 1image processing apparatus comprising:

One Oor more 1mage memories;

at least one mtegrated hardware unit, which 1s designed to
scan the data of a digital image stored in the image
memory, to determine contour points with subpixel
accuracy and to store this as continuous list data 1n a
memory;

a computation unit which 1s designed to use a computation
mechanism to determine from the continuous list data
which 1s stored in the 1image memory the connection
probabilities between 1n each case two contour points
taking into account the distance between the points; and

at least one classifier, which uses sets of calculated prob-
abilities to select subsets with at least three probabilities
for possible links between at least three adjacent contour
points, one of which 1s a previously defined central con-
tour point, and to sort out for each subset that contour
point which 1s adjacent to the central contour point and
has a possible link with the lowest connection probabil-
ity to an adjacent contour point, provided that the link
does not connect two points which are adjacent to the
central point and, following this, enters those contour
points which have not been sorted out in a contour point
list, with connectors which 1dentify the remaining links
to the central point.

2. The image processing apparatus as claimed 1n claim 1,
wherein the at least one classifier 1s designed to 1n each case
form triples of connection probabilities for the central con-
tour point and two further contour points with associated
connection probabilities from the set of the contour points
which are adjacent to the central point, to determine the
lowest of the connection probabilities and to 1n each case sort
out that contour point which 1s adjacent to the central point
from which the link with the lowest connection probability
within the triple originates, from the neighborhood set of the
contour points which are adjacent to the central point.

3. The image processing apparatus as claimed 1n claim 1,
comprising a computation device for application of modula-
tion to the connection probabilities, with the modulation cor-
responding to a position shiit of contour points which 1s less
than the pixel interval.

4. The image processing apparatus as claimed 1n claim 3,
wherein the computation mechamism changes pixel coordi-
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nates in each case before the calculation of the connection
probabilities for application of modulation.

5. The 1mage processing apparatus as claimed 1n claim 1,
wherein the computation unit 1s designed to calculate at least
one further attribute of a contour point 1n addition to the
position of that contour point, and to store this 1n the continu-
ous list data.

6. The 1image processing apparatus as claimed 1n claim 5,
wherein the computation unit 1s designed to produce an
attribute vector with a length of at least 24 bits for one contour
point, and to store this 1n the continuous list data.

7. The 1image processing apparatus as claimed 1n claim 1,
wherein the computation unit 1s designed to calculate linking,
probabilities between the contour points on the basis of the
distance between the contour points and at least one further
attribute.

8. The 1image processing apparatus as claimed 1n claim 7,
wherein the computation unit 1s designed to calculate linking
probabilities between contour points on the basis of the dis-
tance between the contour points and at least one of the
attributes selected from the group consisting of contrast,
color, and direction.

9. The 1image processing apparatus as claimed 1n claim 1,
wherein the 1image processing apparatus 1s designed for real-
time 1mage processing.

10. The image processing apparatus as claimed in claim 1,
turther comprising dual-port RAM memory and a device for
simultaneous storage and reading of the continuous list data
from the dual-port RAM memory.

11. The image processing apparatus as claimed 1n claim 1,
turther comprising a morphology filter computation device
which 1s designed to filter the contour point list with connec-
tors with respect to at least one characteristics selected from
the group consisting of contour points relating to chains of at
most three contour points are deleted, contour points which
belong only to a chain which 1s linked to a longer chain at one
end and has at most three contour points are deleted, contour
points which form start and end points of chains of associated
contour points are identified in the contour point list, and
contour points which form branching points of at least two
chains are 1dentified 1n the contour point list.

12. The image processing apparatus as claimed in claim 1,
turther comprising a device for production of ranking vectors
for contour points, which device reads the contour point list
with a connector structure and 1n each case reads the connec-
tor structure of all adjacent points starting from a central point
via the connectors and produces a ranking vector which
includes the number of branches of the adjacent points and of
the central point 1itself.

13. The image processing apparatus as claimed 1n claim 1,
wherein the computation unit 1s designed to 1n each case
determine connection probabilities for a central contour point
for possible links between contour points including the cen-
tral contour point which are a maximum of 2 to 2.5 pixels
away from the central point with respect to the raster of the
digital image.

14. The image processing apparatus as claimed in claim 1,
wherein the at least one classifier 1s designed to repeat the sort
out process for each selected central contour point at least
once for the set of contour points which have not been sorted
out and are adjacent to the central point.

15. The image processing apparatus as claimed 1n claim 1,
wherein the at least one classifier 1s designed to repeat the
selection process, 1n which that contour point is 1n each case
sorted out which 1s adjacent to the central contour point and
has a possible link with the lowest connection probability to
an adjacent contour point, provided that the link does not
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connect two points which are adjacent to the central point, for
cach selected central contour point until no turther contour
points can be sorted out.

16. The image processing apparatus as claimed 1n claim 1,
further comprising a sorting device which 1s connected
upstream of the computation unit, which sorting device out-
puts list data of contour points which are adjacent to a selected
central contour point, 1n each case in accordance with a
sequence which 1s maintained during the scanning of an area
surrounding the central contour point by reading successive,
exclusively adjacent, points 1n the surrounding area.

17. The image processing apparatus as claimed 1n claim 1,
wherein the computation unit 1s designed to determine at
most one contour point with subpixel accuracy for each con-
tour point 1n the raster of the image data.

18. The 1image processing apparatus as claimed 1n claim 1,
with wherein the at least one classifier entering 1n a contour
point list connectors which contain the indexes of adjacent
contour points and the connection probabilities to adjacent
contour points.

19. The 1image processing apparatus as claimed 1n claim 1,
further comprising a device for reading the contour point list
in an organized sequence as an organized series of contour
points, with successive list entries belonging to successive
contour points along a contour.

20. A method for determination of associated contours 1n
image data, comprising:

determiming contour points from the image data using at

least one 1ntegrated hardware unait;

calculating the connection probabilities of possible links

from contour points to adjacent contour points using a
computation unit;

using at least one classifier for:

analyzing one or more subsets from a set of such connec-
tion probabilities and with at least three connection
probabilities for possible links between at least two con-
tour points and an adjacent selected central contour
point;

sorting out a contour point in each case which i1s adjacent to
the central contour point and has a possible link with the
lowest connection probability to one of the other points,
provided that the link does not connect two points which
are adjacent to the central point; and, once this analysis
of the subsets has been completed; and

entering contour point data 1 a list in an electronic
memory, with this contour point data comprising con-
nectors which identily links to the central point which
belong to one contour.

21. The method as claimed 1n claim 20, further comprising,
in each case, forming triples with the central point and two
turther contour points with associated connection probabili-
ties from a set of contour points which are adjacent to the
central point, determining the lowest of the connection prob-
abilities, and sorting out that contour point which 1s adjacent
to the central point and from which the link with the lowest
connection probability within the triple originates from the
neighborhood set of the contour points which are adjacent to
the central point, provided that the link does not connect two
points which are adjacent to the central point.

22. The method as claimed 1n claim 20, further comprising,
applying modulation to the connection probabilities, with the
modulation corresponding to a position shiit of contour
points which 1s less than the pixel interval.

23. The method as claimed 1n claim 20, further comprising,
reading the image data in a plurality of strips which each have
a width of more than one pixel.
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24. The method as claimed 1n claim 23, wherein the 1image
data 1s read successively 1n strips which overlap by more than
one pixel.

25. The method as claimed in claim 20, further comprising,
calculating connection probabilities between contour points
on the basis of the distance between the contour points and at
least one turther attribute.

26. The method as claimed in claim 23, further comprising
calculating classifiers for the connection probabilities
between contour points on the basis of the distance between
the contour points and at least one of the attributes selected
from the group consisting of contrast, color, and direction.

277. The method as claimed in claim 26, further comprising,
calculating the value of a function of the values of one or more
attributes, and calculating a connection probability only when
the value of the function 1s greater than or less than a threshold
value.

28. The method as claimed 1n claim 20, wherein the con-
nector structure 1s scanned with a time delay with respect to
the entry of connectors in the contour point list and, during
this process, the connector structure of all adjacent points in
cach case being read starting from a central point over the
connectors, and a ranking vector being produced which
includes the number of branches of the adjacent points and of
the central point 1tself.

29. The method as claimed in claim 28, further comprising,
mapping the ranking vector via a table or Boolean functions
onto a scalar potential function, and sorting out artifacts being
by the scalar potential function.

30. The method as claimed 1n claim 20, wherein the con-
nection probabilities of contour points are in each case cal-
culated only for those further contour points which are a
maximum of 2 to 2.5 pixels away from a contour point with
respect to the raster of the digital image.

31. The method as claimed 1n claim 30, wherein the process
ol sorting out contour points 1s repeated until no more contour
points which are adjacent to the central contour point can be
sorted out.
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32. The method as claimed 1n claim 20, further comprising
organizing the list data for a selected central contour point
betore the calculation of connection probabilities, 1n each
case 1n accordance with a sequence which 1s maintained
during scanning of an area surrounding the central contour
point, by reading successive, exclusively adjacent, points in
the surrounding area.

33. The method as claimed 1n claim 20, wherein at most
one contour point 1s determined with subpixel accuracy for
cach contour point in the raster of the image data.

34. An integrated image processing apparatus comprising:
one or more Image memories;

at least one integrated hardware unit for determination of
contour points from 1mage data;

a hardware unit which 1s connected downstream from the
integrated hardware unit for determination of contour
points, for determination of links which belong to one
contour between contour points;

a morphology processor which 1s connected downstream
from the hardware unit for determination of links, 1n
order to determine the number of links which originate
from contour points from contours to adjacent contour
points; and

a device for segmentation, by means of which objects are
created from the data relating to the contour points and
theirr links to further contour points, which objects
describe the contours of the image data, with the hard-
ware unit for determination of links which belong to one
contour between contour points having an associated
memory or memory area whose size 1s at most 20 per-
cent of the total memory for the processing of the image
data to objects which describe the contours, with the
exception of the image memory or memories.



	Front Page
	Drawings
	Specification
	Claims

